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Abstract. Histochemical studies revealed the presence 
of two major polysaccharides in the oocyte jelly coat (JC) 
of Marthasterias glacialis: a fibrillar component that con¬ 
tains carboxylic and sulfatcd groups and a loose compo¬ 
nent composed of neutral or weakly acidic polysaccha¬ 
rides. When isolated JC was submitted to cellulose acetate 
electrophoresis (CAE) and then stained with alcian blue, 
three bands appeared, of which one remained at the origin 
and two migrated toward the anode. Glycosaminoglycan- 
likc molecules isolated from JC were separated by CAE 
into three main moving bands, two that present an R t 
similar to that of the intermediary moving band of total 
JC and one that has an R, similar to that of the faster 
moving band of total JC. These bands also have critical 
electrolyte points similar to those of total JC. Chondroi- 
tinase ABC mainly attacked the faster moving band, 
whereas protease and hyaluronidase seemed to digest all 
bands. These results and the R t s of isolated and standard 
glycosaminoglycans after mono- and bidimensional CAE 
suggest that the glycosaminoglycan-like molecules bear 
some resemblance to chondroitan sulfate, heparan sulfate, 
and hyaluronic acid. 

Introduction 

Complex carbohydrates have been implicated in sperm- 
egg recognition, binding, and activation in both verte¬ 
brates and invertebrates (Miller and Ax, 1990). 

The macromolecular structures of the jcllv coat (JC) of 
the echinoderm oocyte have not yet been morphologically 
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differentiated, despite the importance of this information 
to the understanding of sperm-egg interaction. In the sea 
urchin, the oocyte JC was demonstrated to contain a sialo- 
protein and a fucose sulfate polysaccharide that induces 
the acrosomal reaction of the sperm (SeGall and Lennarz, 
1979). Histochemical studies have also found two major 
polysaccharides in the JC, neutral and acidic (Jondeung 
and Czihak, 1982), thus confirming the biochemical re¬ 
sults. In the starfishes Asterias amitrensis and Asterina 
pectinifera, the oocyte JC was also demonstrated to con¬ 
tain two major polysaccharides, a large suifated glycopro¬ 
tein that induces the acrosomal reaction and a high-man¬ 
nose glycoprotein (for a review see Hoshi et al. % 1990a, b), 
but no morphological studies have been made to confirm 
these biochemical findings. 

We characterized the oocyte JC of the starfish Mar¬ 
thasterias glacialis by histochemical and electrophoretica! 
methods. Our results show that the JC can be morpho¬ 
logically differentiated into two major polysaccharides that 
probably contain glycosaminoglycan-like materials. 

Materials and Methods 

Several specimens of M. glacialis were collected in the 
intertidal zone of the North Atlantic, 30 km north of 
Oporto, Portugal. The animals were maintained in the 
laboratory' in well-aerated seawater. 

For histochemical studies of the jelly coat of the oocyte, 
mature ovaries were fixed in Bouin’s fluid for 24 h, pro¬ 
cessed through alcohol and benzene, and embedded in 
paraffin (Ganter and Jolles, 1969). Sections were cut at 
7 *im. The following histochemical methods were em¬ 
ployed, all without counterstaining: 

(1) Alcian blue (1%) 8GX (Sigma) staining at pH 0.5 
(Ab pH 0.5) according to the method of Lev and Spicer 
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Figures I 1(1. Histochemical staining of the jelly coat (JC) of mature oocytes (Oo) in the ovary of 
Mart hast cnus glacial is. Bar = 50 
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to demonstrate sulfate groups, and at pH 2.5 (Ab pH 2.5) 
according to the method of Wagner and Shapiro to dem¬ 
onstrate those acid groups which remain ionized at and 
above this pH (Lev and Spicer, 1964; Ganter and Jolles, 
1969, 1970). 

(2) Methvlation to modify functional groups (carboxyl 
and sulfate) of polysaccharides (Ganter and Jolles, 1969, 
1970). Sections were collodionized and then immersed in 
a solution consisting of liquid HC1 diluted to 1% with 
liquid absolute methanol, at 37°C (mild methvlation) or 
at 60°C (active methylation) for 4-12 h. Some of the sec¬ 
tions were then saponified to reverse the methylation of 
carboxylic acids (1% KOH in 70% ethanol at room tem¬ 
perature for 30 min). After methylation or saponification, 
sections were stained with Ab pH 0.5 and Ab pH 2.5. 
Methylation was also performed as in Pearse (1968), with 
0.1 A r HCl-absolute methanol for 8-96 h at 37°C (mild) 
or at 60°C (drastic). 

(3) Alcian blue/critical-electrolyte-concentration 
technique (Ab-CEC) to identify the different negatively 
charged acidic groups (Scott and Dorling, 1965; Pearse, 
1968; Scott, 1985), by using different MgCL concentra¬ 
tions in 3% acetic acid, 0.1% Ab. 

(4) The standard periodic acid-Schilf (PAS) reaction 
for vicinal hydroxyl groups of polysaccharides according 
to McManus (Pearse, 1968; Ganter and Jolles, 1969, 
1970). 

(5) Aldehyde fuchsin (AF) staining according to Halmi 
and Davies (Pearse, 1968; Ganter and Jolles, 1969, 1970) 
to stain carboxyl and sulfated groups by using basic fuch¬ 
sin and paraldehyde. 

(6) The sequential staining procedures of Ab pH 0.5- 
PAS and Ab pH 2.5-PAS to differentiate neutral and acidic 
polysaccharides, and AF-Ab pH 2.5 to distinguish sulfated 
from weakly acidic polysaccharides (Spicer, 1965; Pearse, 
1968; Ganter and Jolles, 1969, 1970). 


(7) Mercury-bromophenol blue (Hg-BPB) staining to 
detect total protein (Pearse, 1968; Ganter and Jolles. 1969, 
1970). 

The oocyte JC was isolated by the acid method of Mat- 
sui et ai (1986a). Mature female gonads were cut in Mil- 
lipore-filtered (0.2 jnn) seawater (FSW) at pH 8, and the 
liberated oocytes were left in FSW until their spontaneous 
maturation, which is characterized by loss of follicular 
cells and breakdown of germinal vesicles (Meijer et ai, 
1984). JC was obtained by washing the oocytes with 20 
vol of FSW, resuspending them in 3 vol of FSW, and then 
lowering the pH to 5.0 with 0.1 N HC1. Dejellied oocytes 
were removed by centrifugation for 5 min at 1500 rpm, 
and the jelly supernatant was recentrifuged for 30 min at 
10,000 rpm at 4°C. The resulting supernatant was ad¬ 
justed to pH 8.0 with 0.1 N NaOH, dialysed against dis¬ 
tilled water (Spectra/Por, MW cutoff X3500) and then 
lyophilized (SeGall and Lennarz, 1979). Protein concen¬ 
trations were determined by the method of Lowry et ai 
(1951). 

Glycosaminoglycans (GAGs) were isolated from JC 
according to Whiteman (1972, 1973a,b) as modified by 
Whiteman and Henderson (1977). To 3 ml of jelly so¬ 
lution (4 mg/ml water), 30 ml of an Ab solution (5 ml of 
1% aqueous Ab, 2.65 ml of 2 M MgCL, 10 ml of 0.5 Af 
Na-acetate pH 5.8, and 82.35 ml water) was added. The 
GAG-Ab complex was then left to equilibrate for 2 h at 
room temperature (rt). After centrifuging for 15 min at 
5000 rpm, 200 n 1 of 4 \f NaCl and 100 jul of methanol 
were added to the pellet with vortex mixing. Then, 100 ^1 
of 0.1 M Na 2 C0 3 and 400 ^1 of water were added with 
vortex mixing. The solution was left to equilibrate for 30 
min at rt. and then recentrifuged as above. To 600 /ul of 
the clear supernatant, 1.8 ml of ethanol was added. The 
solution was left for 10 min at rt, and finally centrifuged 
as above. I he precipitate was left to dessicate overnight 
and then was resuspended in 50 jul of water. After cen- 


Figure 1. Hemalumen-eosin. The JC is the layer that appears uniformly stained (between arrows) all 
around the oocytes (Oo). 

Figures 2 and 3. Alcian blue (Ab) at pH 2.5 to demonstrate the acidic groups that remain ionized at 
and above this pH. and at pH 0.5 to demonstrate sulfate groups. The JC appears discontinuously stained, 
giving a mesh-like or fibrillar appearance (arrows). The staining is more intense at pH 0.5 (Fig. 3). 

Figures 4-6. Ab/crilical-electrolyte-concentralion technique at 0.0 M. 0.2 M, and 0.6 \/ MgCE to identity 
the different negatively charged acidic groups. The JC is discontinuously stained (arrows), revealing a mesh¬ 
like or fibrillar component. The staining increases until 0.2 M (Fig. 5) and then decreases, becoming almost 
negative after 0.6 U MgCL (Fig. 6). 

Figure 7. The standard periodic acid-Schiff reaction for vicinal hydroxyl groups of polysaccharides. The 
JC is intensely and uniformly stained (between arrows). 

Figures S and 9. Aldehyde-fuchsin (AF) to slain carboxyl and sulfated groups, and AF-Ab pH 2.5 to 
distinguish sulfated from weakly acidic polysaccharides. The JC is discontinuous!) stained, giving a mesh¬ 
like or fibrillar appearance (arrows). Much more fibrillar material appears stained after AF-Ab pH 2.5 (Fig. 9). 

Figure 10. Mercury-bromophenol blue reaction for total protein. The entire JC appears stained (between 
arrows). 
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Figure* 11 Cellulose acetate electrophoresis of total jelly coat. Alcian blue staining (a). Three bands can 
be observed, of which one remained at the origin (O) and two migrated toward the anode with intermediary 
(**) and faster (*) mobilities. Alcian blue/critical-electrolyte-concentration technique (Ab-CEC) at different 
concentrations of MgCl 2 : (b) 0.1 M, (c) 0.2 M; (d) 0.4 \/, (e) 0.6 M. (f) 0.8 M, (g) 1 M. and (h) 1.5 M 1 he 
critical electrolyte concentration of the intermediary moving band (**) is 0.4 M (d) and that of the faster 
moving band (*) is 0.6 M (e), whereas the staining of the band at the origin (O) shows an intense decrement 
after 0.6 M MgCI 2 (f). Only the band at the origin is stained by eoomassie blue (i) and standard periodic 
acid-Schiff (PAS) reaction (J). 


trifuging as above, the supernatant was used for electro¬ 
phoresis. 

Concentration of GAGs was determined by the method 
of Whiteman (1972, 1973a,b). To 25 and 50 ^1 of a 1-mg 
jelly/ml water solution (in triplicate), 1 nil of the above 
Ab solution was added. After 4 h at rt, the solution was 
centrifuged as above, and then 2 ml of ethanol was added 
to the pellet with vortex mixing. After centrifuging as 
above, the precipitate was dissociated with 1 ml of 7.5% 
aqueous SDS by vortex mixing. After 30 min at rt, so¬ 
lutions were read at 678 nm in a Pye-Unicam SP6-550 
spectrophotometer. The standard calibration curve was 
run with a starting solution of ehondroitin-4-sulfate, 
200 fig/m\ water, over the range of 0-10 fi g/ml. 

For monodimensional cellulose acetate electrophoresis 
(CAE), Cellogel sheets, 5.7 X 14 cm, were previously 
equilibrated in electrophoresis buffer (0.05 M calcium ac¬ 
etate, pH 7.2). Samples (10-20 ^1/lane, from a 4-mg jelly/ 
ml aqueous solution or from the GAG precipitate) were 
applied with an LRE applicator (Medizin Technik). Stan¬ 
dards were from Sigma and consisted of 1 mg/ml water 
of keratan sulfate, dermatan sulfate, heparan sulfate, 
chondroitan sulfate, hyaluronic acid, and heparin. Elec¬ 


trophoresis was performed in an electrophoresis apparatus 
(EP-166 Medizin Technik) at a constant voltage of 200 V 
for 1 h (14 V/cm). For bidimensional CAE, Cellogel 
sheets, 14X14 cm, were equilibrated in 0.1 \1 pyridine, 
0.47 \1 formic acid, pH 3, and the first run was for 1 h 
at 100 V. For the second dimension, electrophoresis was 
performed in 0.05 M calcium acetate, pH 7.2, for 2 h at 
200 V (Hata and Nagai. 1972). Sheets were then stained 
with eoomassie blue R (Fluka AG) (Cb), PAS, or Ab- 
CEC. For Ab-CEC (Scott, 1985; Wall and Gyi. 1988), gels 
were stained overnight and then washed and stored in the 
same CEC solution without Ab. For general Ab staining, 
a 0.5% solution in 7% acetic acid was used. For the PAS 
reaction, acetic acid fixed gels were washed in 3% acetic 
acid for 15 min, oxidized for 1 h at 4°C with fresh 1% 
periodic acid in 3% acetic acid, washed three times (5 min 
each) with water, and stained overnight at 4°C in the 
Merck Schilf reagent. 

For enzymatic treatments, JC or the GAG precipitate 
was submitted to the following digestions: chondroitinase 
ABC (Sigma, from Proteus vulgaris , 0.55 U/nig) was used 
at 0.25 and 0.75 U/nig JC for 3 and 24 h at 37°C in 0.1 M 
Tris-HCl-0.1 M Na-acetate, pH 7.3 (Yanagislnta et at ., 









HISTOCHEMISTRY OF STARFISH OOCYTE JELLY COAT 


219 


a 


b 


c 


d e f 0 h 


J k I m n o 



Figure 12. Cellulose acetate electrophoresis of total jelly coat after enzymatic digestions. Chrondroitinase 
ABC digestion. Alcian blue staining (a). No changes are observed on the band at the origin (O). or on the 
intermedian (**) and faster (*} moving bands. Neuraminidase digestion: Alcian blue (b) and standard 
periodic acid-Schift'(PAS) reaction (c). The intermediary (**) and faster (*) moving bands appear partially 
digested, producing a smear in which both bands are still visible <b). with no changes apparently having 
occurred on the band at the origin [O] (b) and (c). Hyaluronidase digestion: (d) through (i). The alcian blue 
(d) and PAS (i) staining of the band at the origin (O) is decreased, but no changes are noticed (h) with 
coomassie blue. The intermediary <**) and faster <*) moving bands also seem to be partially digested—their 
independent configurations changed to a large smear (d). A minimal amount of this smear presents a CEC 
coincident w ith that of the intermediary moving band (**) [(e). 0.4 M MgCL], w hereas most of the smear 
shows a CEC coincident with that of the faster moving band (*) [(f). 0.6 M MgCL]. Control strip containing 
only the enz\ me (g). Protease digestion: (j) through (o). A large smear is observed at the level of the intermediary 
(**) and faster (*) moving bands with alcian blue staining (j). The CEC of this smear is coincident w ith that 
of the faster moving band (*) [(1), 0.6 \f MgCL] and not with that of the intermediary moving band (**) 
[(k). 0.4 M MgCL]. The band at the origin (O) appears totally digested—no staining is noticed after alcian 
blue (j). coomassie blue (n), or PAS (o) staining. Control strip containing only the enzyme (m). 


1979; Heinegard and Sommarin, 1987); hyaluronidase 
(Sigma, from sheep testes, type V, 2000 U/mg) was used 
at 50, 100, and 200 U/mg JC for 3 and 24 h at 37°C in 
0.15 M NaCl, 0.1 XI Na-acetate, 0.001 M disodium 
EDTA. pH 5 (Cowman et al. , 1981; Turner and Cowman, 
1985; Min and Cowman, 1986); neuraminidase (Sigma, 
type V, from Clostridium perfringens, 1.7 U/mg) was used 
at 25 and 100 U/mg JC for 24 h at 37°C in 0.1 M Na- 
acetate pH 5.3 with 0.04 M CaCl 2 (Kudo, 1982; Delgado 
and Zoller, 1987); trypsin (Sigma, type III, from bovine 
pancreas, 11,680 U/mg) was used at \0 gg and 0.3 mg/ 
mg JC, protease (Sigma, type VI, from Sireptomyces gris - 
eus, 5 U/mg) and pronase E (Merck, from Sireptomyces 
griseus, 95.000 PUK/g) were used at 2 mg/mg JC, all 
three for 3 and 24 h at 37°C in 0.1 M Tris-HCl, 0.1 M 
Na-acelate, pH 7.3 (Yanagishita et al., 1979; Grimek and 
Ax, 1982; Heinegard and Sommarin. 1987; Huey et al., 
1990). Digestions were terminated by boiling the samples 
for 5-10 min (Cowman et al.. 1981). Samples were then 
applied to CAE as above. 


Results 

Light microscopy 

Ab discontinuously stained the JC of mature \l gla- 
cialis oocytes. The reaction was more intense at pFi 0.5 
than at 2.5 (Figs. 1-3), thus demonstrating on this mesh¬ 
like or fibrillar component the presence of both sulfated 
and carboxylic groups, with the predominance of the 
former (Lev and Spicer, 1964; Ganter and Jolles, 1969, 
1970). Methylation abolished staining with Ab, but sec¬ 
tions that were mildly methylated could be partly restained 
with Ab at both pFis after saponification with KOH. 
Methylation, which blocks carboxylic and eliminates sul¬ 
fated groups (Ganter and Jolles, 1969, 1970), did not in¬ 
hibit Ab pH 0.5 staining after saponification, indicating 
that this staining is not specific for sulfated groups alone 
and that the stronger reaction obtained at that pH cannot 
be assumed to be due to a sulfate-rich polysaccharide. In 
the presence of MgCL (Ab-CEC), the intensity of Ab 
staining gradually increased until 0.2 M and then de- 





220 


M. SOUSA ET AL 


a b c d © f 


g h i 



\ ! * 

mm o o 


Figure 13. Cellulose acetate electrophoresis ofGAG-standards [(a) through (d)] and GAG-like molecules 
[(e) through (i)] after staining with alcian blue [(a) through (f)] and alcian blue/crilical-electrol\ie-concentration 
technique (Ab-CEC) at different concentrations of MgCU [(g), 0.2 M, (h), 0.4 M; (i), 0.6 \t MgCU]. Standards 
are (a) ehondroitan sulfate (CS) and dermatan sulfate (DS). (b) keralan sulfate (K.S) and heparan sulfate 
(HS), (c) hyaluronic acid (HA), and (d) heparin (tlP). Molecules in (e). (g), (h), and (i) were isolated from 
total jelly coal; molecules in (f) were those of the total jelly coat. Isolated GAG-like molecules separated 
into three moving bands (e). Two of these bands (**) had an R, similar to that of the intermediary moving 
band of total jelly coat [(f), double arrow), and one (*) had an R f similar to that of the faster moving band 
of total jells coat [(f), arrow). A minor component (***) can also be seen near or at the origin (O) [(e), (g), 
(h)]. The intermediarv moving bands (**) of isolated GAG-like molecules seem to comigrate with HS and 
HA, whereas the faster moving band (*) migrates slightly above CS (e). 1 he CEC of the intermediarv’ moving 
bands (**) is 0.4 St MgCU (h) and that of the faster moving band (*) and the minor bands (***) near the 
origin (O) is 0.6 M MgCU (i). 


ereased to become almost negative after 0.6 M (Figs. 4- 
6). These results suggest that the Ab-stained material is 
not highly sulfated and that earboxylie groups predomi¬ 
nate, because strong staining was found only in the pres¬ 
ence of low MgCF concentrations (Seott and Dorling, 
1965; Scott, 1985). 

Contrary to Ab staining, PAS and Ab pH 2.5-PAS uni¬ 
formly stained the whole jelly layer an intense pink and 
purple, respectively (Fig. 7), thus revealing the presence 
of a seeond maeromolecular component made up of neu¬ 
tral or weakly acidie polysaccharides (Pearse, 1968; Ganter 
and Jolles, 1969, 1970; Rambourg, 1971). 

When sections were stained with AF, the fibrillar com¬ 
ponent of the JC stained purple but, after the sequence 
AF-Ab pH 2.5, much more fibrillar material appeared 
stained with intense purple and blue (Figs. 8, 9), vvhieh 


suggests the presence of both earboxylie and sulfated 
groups in the fibrillar component of the JC, although with 
a predominance of the former (Pearse, 1968; Ganter and 
Jolles, 1969, 1970). 

With protein staining, the Hg-BPB reaction gave a 
strong blue stain to the entire JC (Fig. 10), suggesting that 
JC polysaeeharides may be associated with proteins. 

Cellulose acetate electrophoresis 

When JC was submitted to CAE and then stained with 
Ab. three bands appeared, of which one remained at the 
origin and two migrated toward the anode (Fig. 1 la). With 
the Ab-CEC staining technique, the bands of intermediary 
and faster mobilities showed a critical eleetrolytical point 
at 0.4 and 0.6 M MgCF, respectively, whereas the staining 
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Figure 14 . Bidmiensional cellulose acelale electrophoresis of GAG-like molecules isolated from total 
jelly coal (alcian blue staining). Standards of first dimension are hyaluronic acid (HA), keralan sulfate <KS), 
and dermatan sulfate (DS). In this buffer system (pH 3), heparan sulfate (HS) comigrates with KS. Standards 
of second dimension are HS, KS. and chondroilan sulfate (CS). In this buffer system (pH 7.2), HA comigrates 
with HS, and DS with KS. Isolated GAG-hke molecules separated into three bands, of w hich two <**) seem 
to migrate near to HS and HA and then may correspond to the intermediary moving bands (Fig. 13), and 
one (*) that migrates near CS and then may correspond to the faster moving band (Fig. 13). 


of the band at the origin showed an intense decrement 
after 0.6 M MgCF (Fig. 1 lb-h). Only the band that re¬ 
mained at the origin was stained by Cb and PAS (Fig. 
1 li, j). Protein determination gave a value of 190 fig pro¬ 
tein/mg JC, or about 19% of the total JC. These biochemi¬ 
cal findings, together with the histochemical results ob¬ 
tained with PAS and Ab pH 2.5-PAS stainings, suggest 
that the neutral or weakly acidic JC component, as de¬ 
tected on tissue sections, is mainly contained in the band 
that remained at the origin. 

The Ab-CEC staining of tissue sections, which gave a 
maximum staining of the JC fibrillar material at 0.2 M 
and an almost absence of staining after 0.6 M MgCF, 
further suggest that this JC component may have mainly 
separated after CAE into the two moving bands. All three 
bands appeared resistant to chondroitinase ABC digestion 
(Fig. 12a). Neuraminidase seemed to digest the moving 
band slightly, producing a smear in which both bands are 
still visible (Fig. 12b, c). After hyaluronidase treatment, 
Ab and PAS staining of the band at the origin appeared 
decreased, but no change was noticed with Cb staining. 
This suggests the presence of both polysaccharides and 
proteins on that band, with polysaccharides being partially 
digested by the enzyme (Fig. 12d—i). The two moving 
bands seemed also to have been partially attacked by hy¬ 
aluronidase, because their independent configurations 
changed to a large smear (Fig. 12d). Most of the smear, 
however, showed a critical electrolyte point coincident 
with that of the faster moving band, thus suggesting that 
the intermediary moving band was mainly digested by 
the enzyme (Fig. 12e, f). Protease seemed to have mainly 
digested the intermediary moving band, because the 
moving residual band presents a critical electrolyte point 
coincident with that of the faster moving band (Fig. 12j- 
1). However, the configuration of the faster moving band 


also changed, producing a large smear band, which sug¬ 
gests that it has been partially attacked by the enzyme 
(Fig. I2j-1). The band at the origin appeared totally di¬ 
gested by protease, as no staining was noticed after Ab, 
Cb, and PAS stainings (Fig. 12j-o). This indicates that 
proteins on this band may be structurally linked to poly¬ 
saccharides, because digestion of the band enabled poly¬ 
saccharides to move and escape detection. 

Glycosaminoglycan-like materials were isolated from 
the JC and shown to constitute about 20% of the total 
JC. After CAE, they separated into three main moving 
bands, tw o that present an R f similar to that of the inter¬ 
mediary moving band of total JC and one whose R r is 
similar to that of the faster moving band of total JC (Fig. 
13). A minor component was also observed near the origin 
(Fig. 13). This latter finding suggests that the intense Ab 
staining of the band at the origin of total JC is due not to 
the presence of a large GAG-like component but to the 
staining of the weakly acidic groups of the JC PAS-positive 
component. The presence of GAG-like materials in the 
same positions as on the main moving bands of total JC 
was further confirmed by CEC experiments. These ex¬ 
periments showed coincident critical electrolytical points, 
thus suggesting that the GAG-like materials were extracted 
from the moving bands (Fig. 13). 

In relation to standards, the two intermediary moving 
bands seemed to comigrate with heparan sulfate and hy¬ 
aluronic acid, while the faster moving band migrated 
slightly above chondroitan sulfate (Fig. 13). Similar re¬ 
lationships to standards could also be established after 
bidimensional CAE (Fig. 14). Chondroitinase ABC mainly 
attacked the faster moving band, whereas protease and 
hyaluronidase seemed to have digested all bands (Fig. 15). 
These results thus suggest that the Ab-precipitated ma¬ 
terials from total JC may be proteoglycan-like, containing 
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GAG-like materials similar to chondroitan sulfate in the 
faster moving band and heparan sullate/hyaluronic acid 
in the intermediary moving bands. The reason that chon- 
droitinase ABC attacked the intermediary moving band 
and hyaluronidase digested all bands is that they can act 
in hyaluronate and chondroitan sulfate, respectively 
(Heinegard and Sommarin. 1987). The lack of a clear R f 
relationship between isolated GAGs and standards may 
be due to the presence of associated proteins or may in¬ 
dicate that they are only partially similar in structure. The 
different results obtained with enzymatic digestions of to¬ 
tal JC and isolated GAG-like materials may be explained 
by the different accessibility of enzymes to GAG-like 
molecules in total JC. 

Discussion 

The histochemical study of the JC of M. glacialis oo¬ 
cytes revealed the presence of two major types of poly¬ 
saccharides: an acidic fibrillar material, which seems to 
contain carboxylic (uronic/sialic) and sulfated groups; and 
a loose component, which seems to contain neutral or 
weakly acidic polysaccharides with vic-glycols near car¬ 
boxylic groups. On the basis of protein staining, these 
structures may be associated with proteins. As with the 
starfish, the JC of sea urchin oocytes shows the presence 
of neutral and acidic polysaccharides that contain car¬ 
boxylic and sulfated groups in proximity to vicinal hy¬ 
droxyls, but the JC appears much more sulfated, and its 
acidic component could not be morphologically distin¬ 
guished from the neutral component (Jondeung and Czi- 
hak, 1982). 

SeGall and Lennarz (1979) suggested that the polysac¬ 
charide component of the JC of sea urchins is made up 
of a sialoprotein and a fucose sulfate glycoconjugate. In 
addition to these two components, the JC was shown to 
contain small peptides (SAP) that are chemoattractant 
( e.g ., resact) and motility activating for sperm (Garbers, 
1989; Suzuki, 1990; Hoshino et cil ., 1992; Harumi et ai, 
1992; Suzuki and Yoshino, 1992; Yoshino and Suzuki, 
1992; Yoshino et at. , 1992). Recently, the fucose sulfate 
glycoconjugate was shown to contain several proteins that, 
using SAP-1 as cofactor, induce the acrosomal reaction 
of the sperm, and a fucose sulfate polymer that is respon¬ 
sible for sperm agglutination (Garbers et ai, 1983; Ya- 
maguchi et ai, 1989; Shimizu et ai, 1990; Mikami-Takei 
et ai, 1991). 

In the starfish, the JC was demonstrated to contain a 
large sulfated glycoprotein (AR1S) and a group of steroidal 
saponins (Co-ARIS), which induce the acrosomal reaction 
and the degradation of sperm histones; an oligopeptide 
(SAP) that participates in the induction of the acrosomal 
reaction and stimulates sperm respiration; and a high- 
mannose glycoprotein (Uno and Hoshi, 1978; Ikadai and 
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Figure 15. Cellulose acetale electrophoresis of GAG-like molecules 
isolated from total jelly coat after enzymatic digestions (alcian blue stain¬ 
ing). (a) Hyaluronidase seems to have digested all hands, because no 
band appears stained, (b) Chondroilinase ABC seems to have partially 
digested the band at the origin (O) (because its staining appears decreased) 
and the intermediary moving band (**), producing a large smear. This 
enzyme seems to have totally digested the faster moving band (*), as no 
band is noticed at that level, (c) Proteinase seems to have attacked all 
hands, since no band appears stained. The band (arrowhead) that appears 
between the intermediary (**) and faster <*) moving bands may represent J 
residual GAG-like materials liberated from the digested bands, (d) Total 
jelly coat under the same conditions but without enzymatic treatment 
(O, hand at the origin; double arrow, intermediary moving band; arrow, 
faster moving hand). 

Hoshi. 1981a, 1981b; Matsui et a!., 1986a, 1986b; Endo 
et ai, 1987; Nishiyama et ai , 1987a, 1987b; Hoshi et ai , 
1990a, 1990b; Amano et ai, 1992). 

Although GAGs are known components of the cumulus 
of mammalian oocytes, they have not yet been reported 
in the jelly layer of echinoderm oocytes. Alcian blue, 
which is known to selectively precipitate GAGs (Reale et 
ai, 1986). specifically stained the outer region and some 
fibrillar extensions of the JC of AI. glacialis oocytes (Sousa 
and Azevedo, 1988) as well as some high molecular weight 
components extracted from it (Sousa et ai, 1992). Based 
on these results and on the present histochemical experi¬ 
ments on ovary sections, GAGs were isolated from the 
JC of M, glacialis oocytes and qualitatively analyzed by ' 
cellulose acetate electrophoresis under different condi¬ 
tions. Taking into consideration the relative migration 
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rale of these materials and of standard GAGs, as well as 
their sensitivities to chondroitinase ABC and hyaluroni- 
dase digestions, it is possible to suggest that the JC may 
contain GAG-like molecules that bear some resemblance 
to chondroitan sulfate, heparan sulfate, and hyaluronic 
acid. Quantitative experiments are being performed to 
confirm these findings. 
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